Introduction: During routine blood measurements using an automated hematology analyzer, two easily confused types of suspect flags related to lymphocytes often appear: atypical and immature lymphocytes. The aim of this study was to investigate the correlation of high fluorescence cell (HFC) parameter and lymphocyte flags determined from an automated hematology analyzer.
Methods:
A total of 93 patients affected by various pathologic conditions (viral infection, immunological disease, oncological disease and tumor) were divided into an "atypical lymphocytes" group ("atypical" for short), an "immature lymphocytes/blasts" flag group (abnormal), a mixed-flag group that includes "atypical lymphocytes" (mixed), and a non-flag group (non-flag).
Results:
The numbers of HFCs in the atypical, abnormal, mixed, and non-flag groups were 1.8% (0.9%-5.5%), 0.7% (0.1%-5.0%), 2.3% (1.2%-5.0%), and 0.8% (0.7%-1.2%), respectively. The HFCs of "atypical" appeared as a separate cluster with clear boundaries. The
HFCs of "abnormal" as an unclear boundaries, and it was difficult to accurately distinguish between the HFCs from the immature lymphocytes and the normal lymphocytes (r = .715), whereas the consistency was poorest for "abnormal" (r = .176).
Conclusion: It demonstrates that HFCs reflects atypical lymphocytes better than
immature lymphocytes/blasts.
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| INTRODUCTION
During routine blood measurements using an automated hematology analyzer, two easily confused types of suspect flags related to lymphocytes often appear: atypical and immature lymphocytes. of an automated hematology analyzer, the high-fluorescence region is located in the upper region of lymphocytes, and cells that fall in this region are known as high-fluorescence lymphocytes, referred to as high-fluorescence cells (HFCs). The increase of HFC may be related to the increase of pathological lymphocytes. However, the correlation between HFC increase and "atypical lymphocyte" flag, or "abnormal lymphocyte" flag remains unknown.
| EXPERIMENTAL

| Sample sources
A total of 93 anticoagulant (ethylenediaminetetraacetic acid salt)-treated whole blood samples were collected from outpatients and hos- 
| Confirmation of the HFC source in the WBC DIFF scatter plot
Conventional measurement of the whole blood was performed using a BC-6800 automated hematology analyzer (Mindray Bio-Medical Electronics Co., Ltd., Shenzhen, China). The absolute number and percentage of HFCs were recorded. The sources of HFCs were determined by blood smear preparation dyeing and microscopic observation of cell morphology. The SP1000i automated slide preparer/ stainer was purchased from Sysmex (Kobe, Japan), and slides were observed under the 80i optimal microscope (Nikon, Tokyo, Japan).
| Confirmation of HFCs and minimum detection limit for the atypical lymphocytes flag
A sample with an absolute number of 0.21 × 10 9 /L HFCs and confirmed to contain atypical lymphocytes by microscopic morphological inspection was selected for determination of the limit of detection.
After dilution through a concentration gradient of 0.9, 0.5, 0.4, 0.3, 0.2, and 0.1 with 0.9% normal saline, the results were detected and recorded with the automated hematology analyzer.
| Pre-treatment and gating strategy for flow cytometry analysis
Fifty microliters of peripheral whole blood was collected and placed in a flow cytometry test tube. Fluorescein isothiocyanate (FITC)-CD27
(5 μL), phycoerythrin (PE)-CD20 (5 μL), PE-Cy5-CD19 (5 μL), and allophycocyanin (APC)-CD138 (10 μL) (BD Biosciences, Franklin Lanes, NJ, USA) were added in this order, mixed, and placed in the dark for 15 minutes. Red blood cell lysis buffer (700 mL) was added, and after 15 minutes the mixture was centrifuged at 1500 rpm for 5 minutes.
The supernatant was removed, 2 mL of phosphate buffered saline was added, and the sample was mixed and centrifuged at 300 g for an additional 5 minutes. The supernatant was removed, and 0.5 mL of fixative was added, mixed, and placed into the flow cytometer (FACSAria II, BD Biosciences). Figure 1 shows the flow cytometry gating strat- 
| Data analysis
The consistency between the numbers of HFCs determined automatically and atypical lymphocytes identified microscopically was evalu- non-flag group and the "immature lymphocytes/blasts" flag group.
However, the HFC% and CD27 ++ CD19 + CD20 − % values of the "immature lymphocytes/blasts" and the non-flag groups were similar (Table 1) .
| WBC differential distribution characteristics of pathological lymphocytes in different flag groups
For the "atypical" sample, 4% atypical lymphocytes were observed by microscopy. In the routine WBC DIFF scatter plot, there was a sig- Table 2 ).
| Determination of the limit of detection for the atypical lymphocytes flag from HFC values
The results above indicated that an increase in the number of HFCs is primarily due to the presence of atypical lymphocytes from viral infection. Thus, we further determined the limit of detection of the /L, no such flag was produced (Table 3) . Therefore, an absolute count of 0.04 × 10 9 /L HFCs was as the lower limit of detection for the automated hematology analyzer "atypical lymphocytes" flag. 
| DISCUSSION
Some atypical lymphocytes are formed from the differentiation of lymphocytes toward plasma cells following antigen stimulation.
F I G U R E 2 Distribution of pathological lymphocytes in the white blood cell differential scatter plots of different flag groups ("atypical lymphocytes" sample, "plasma cell" sample, "abnormal lymphocytes" sample). SS, side scatter, related to intracellular granular density; FL, fluorescence; DIFF, differential scatter plot; HFC, high-fluorescent cells 
